Introduction
In Italy, four out of 100000 hospital admissions yearly are due to caustic ingestion [1] . The clinical management of patients with caustic ingestion is difficult because of the lack of clear relationships between symptoms and severity of injury to the upper gastrointestinal tract [2] [3] [4] . Moreover the injury often extends to the upper and lower airways and may trigger a systemic inflammatory response [5] . Symptoms may develop rapidly or be delayed [6] . Early esophagogastroduodenoscopy (EGO) allows a rapid, safe and accurate assessment of the location, extent and severity of damage to the upper gastrointestinal tract [7 -9] and is the diagnostic procedure of choice. Endoscopic findings correlate with clinical outcome [7, [9] [10] [11] [12] . However, it seems reason-1 :
: i Institution Results: Out of 210 patients, 13 underwent emergency surgery (6.2%) and 25 died (11.9%). Multivariate analysis identified the following as independent predictors of death: age (1 O-year intervals; odds ratio [OR] 2.4; 95 % confidence interval 1.4-4.1), ingestion of strong acids (OR 7.9; 1.8-35.3), white blood cell count at admission ~20000 units/mm 3 (OR 6.0; 1.3-28), deep gastric ulcers (OR 9.7; 1.4-66.8), and gastric necrosis (OR 20.9; 4.7-91. 8) . The values of the risk score system devised from the results ofthe multivariate analysis ranged from 1 to 16. No patient scoring < 10 points died and just one of the patients scoring> 14 points survived. Conclusion: Age, ingestion of a strong acid, leucocytosis, deep gastric ulcers, and gastric necrosis are predictive of death after caustic ingestion. A risk score system including these predictors may be useful in prognostic evaluation.
able to suppose that a better assessment of the risk of death after caustic ingestion could be achieved by integrating clinical and endoscopic data. To test this assumption we performed a retrospective study aimed at identifying clinical and endoscopic parameters which could predict the risk of death after caustic ingestion.
Patients and Methods

Patients
All the patients at our unit between 1 March 1982 and 30 June 1999, who underwent EGO because of caustic ingestion, were retrospectively studied. We excluded from the analysis any pa- tients admitted to the emergency department later than 12 h following caustic ingestion and patients with overt perforation, who did not undergo EGO. Perforation was confirmed by plain abdominal films obtained on admission which revealed free air. EGD was always performed within 24 h following caustic ingestion. Published recommendations for the conduct of EGD in patients with caustic ingestion were followed [7, 9] : the endoscope was introduced under visual control, insufflation was gentle, retrovisual methods were performed carefully or avoided if the stomach was severely injured.
Selection of Clinical and Endoscopic Predictors
Deaths occurring during hospital stay represented the outcome of interest. Causes of death were obtained from death certificates.
. After a search of the relevant literature (1 -5,8,10] , we identified the following variables as potential predictors of death: sex; age; physical nature, type, quantity, and concentration of caustic; type of ingestion (intentional or unintentional); systolic blood pressure ~ 100 mmHg, (henceforth referred to as hypotension); heart rate ~ 100 beats per minute in adults and over the expected value for age in children (henceforth referred as tachycardia); white blood cell (WBC) count; hemoglobin concentration; acidosis; intravascular disseminated coagulation; oropharyngeal burns; concomitant diseases; chest radiographs suggestive of aspiration or pneumonia.
The amount and concentration of caustic agents and the presence of oropharyngeal burns were inconsistently reported and were therefore not considered. Arterial blood gas measurements, coagulation tests and a standard chest radiograph had been obtained only in selected patients, so we did not consider them further. We assumed as major comorbidity the presence of any potentially life-threatening diseases in need of immediate therapy, A risk score system was devised using the variables which had been entered into the final multivariate model. We assigned a score to each category of the predictor on the basis of its relative contribution to the logistic model, as determined by its regression coefficient. Score values were rounded to ± 0.5 units. The receiver operating characteristic (ROC) curve for the risk of death was drawn, and the area under the curve (AUC) was taken to be a measure of the ability of the score system to distinguish survivors from nonsurvivors.
Statistical analysis was done using the PEPI software package (USD Inc., West Park Place, Stone Mountain, Georgia, USA) 1161.
Results
Patient Characteristics and Outcome
During the study period, 210 patients were admitted to our hospital within 12 h of caustic ingestion and underwent EGD. The endoscope was not forced through the pylorus in 34 patients (16.2%) . No complications occurred as a consequence of EGD. In total,13 patients underwent emergency surgery (6.2%). Table 1 shows details of patients who underwent surgery, or died.
The most seriously injured patients were fed by a surgically created enteral route or by total parenteral nutrition for at least 15 days and returned to nutrition by mouth only after endoscopic evidence of healing. Medical management included intravenous H2 antagonists and in the most seriously injured patients, antibiotics and antifungal agents. A total of 25 patients (11.9 %) died during their hospital stay. Although the timespan of the study was long, we did not detect a significant change in mortality during the 17-year study period (Mantel's chi-squared for the trend, P = 0.091). • The patient had been fed by total parenteral nutrition for 20 days.
Selection of Predictors
relationship was tested using the Box-Tidwell procedure [15] . Age was treated as linear in logistic regression analysis and subdivided into 10-year intervals.
The type of ingested caustic is reported in In 79 patients (37.6%) there was no path~logical finding or only diffuse hyperemia at EGD; none of them died. Table 3 shows the outcomes in patients classified by endoscopic findings. The degree of gastric injury was significantly associated with mortality (P< 0.00001). In the univariate analysis. esophageal injury. duodenal injury. absence of esophageal peristalsis. absence of gastric peristalsis, and lack of duodenal exploration, were also associated with death. However. these variables were not confirmed as independent predictors of death when data were stratified according to degree of gastric injury. The caustic type had no influence on the location of lesions (data not shown).
Nine out of 13 (69.2 %) surgically treated patients died compared with 16/197 (8.1 %) patients managed conservatively (RR = 8.52; 95 % CIt 7.4 to 9.6).
Predictors of death found by univariate analysis were entered in a stepwise logistic regression model (Table 4) . Surgery was not identified as a significant predictor of death by logistic modelling; this was still the case after exclusion of the patient who underwent cholecystectomy (not shown). We did not include the variable "type of ingestion" (intentional/unintentional) in the model. because it was highly co-linear with the ingestion of strong acids. For the logistic regression analysis, gastric injury was coded as follows: no injury or grade 1 (reference group); grade 2 (deep ulcers); and grade 3 (necrosis). Patients with ingestion of unknown caustics were excluded from the analysis. This exclusion left 199 patients and 24 deaths available for analysis. Age, ingestion of strong acids, WBC count ~ 20.000 cells/ mm 3 and grade of gastric injury were identified as independent predictors of death by the final model. The Hosmer-Lemeshow test confirmed the goodness of fit of the final model (p is near to 1 ). , ,tir MQ"fr=WWR&wW+@_i_M §W·**W ~ Risl< Score System 
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·Grade 1 corresponds to Zargar' s grade 2a; grade 2 to Zargar's grade 2b; grade 3 to Zargar's grades 3a and 3b (see text for details).
-- • Positive likelihood ratio for risk of death. Pre-test probability 12.1 %.
The score system devised from the results of the logistic regression analysis is shown in Table 5 . Table 6 shows the mortality for each score category. No patient scoring less than 10 points died, and just one of the patients scoring 14 points or more survived. The ROC curve was drawn (not shown), and the AUC, taken as a measure ofthe discriminatory ability of the score system for predicting the risk of death, was 0.99 (95 % CI, 0.979 to 1; standard error 0.006), corresponding to a satisfactory discriminatory ability.
Discussion
Our study confirms the reproducibility of Zargar's endoscopic classification [9, 13, 14) of caustic burns and its ability to predict the risk of death. Furthermore, our results show that age, ingestion of a strong acid, WBe count ~ 20 000 cells/mm 3 , and the presence of gastric deep ulcers or gastric necrosis at EGD are independent predictors of death after caustic ingestion. A scoring system based on these variables accurately distinguished survivors from nonsurvivors. The patient's age, WBe count, and type of ingested caustic can easily be obtained from history and laboratory exams; in addition, we believe that even an endoscopist not specifically trained to do so can recognize the deep gastric ulcers and areas of gray or brown-black discoloration which are the hallmark of severe gastric injury. The simplicity with which the variables of our score system can be obtained may promote its use in the emergency department setting for the triage of patients after caustic ingestion.
The prognostic relevance of leucocytosis was suggested in previous reports [5) . In our study, blood samples were taken on admission, which occurred Within 12 h from ingestion: thus we suggest that a WBe count ~ 20 000 cells/mm 3 in any blood speci-i!! men taken within 12 h of caustic ingestion should be considered '8
C"I a predictor of a poor outcome.
According to our experience, young patients with ingestion of ~ weak acids or alkalis and with low WBC counts have a low risk ~ of death, and one may wonder whether these patients need to undergo EGO. Out of 1730 cases offatal intoxication due to corrosive aromatic substances, caustic acids or alkalis reported between January 1982 and December 1994 in Italy, only 40 (2.3 %) involved patients less than 18 years old [17) . These data suggest that although caustic ingestion is a frequent household accident in childhood (18] and may cause esophageal or gastric strictures, it is rarely responsible for death. Authors disagree about whether all children with suspected caustic ingestion should undergo EGO (2, 4, 19, 20) , and further studies are needed.
It is not surprising that all the instances of fatal strong acid ingestion were intentional: the pungent smell and taste of these agents usually prevents accidental bulky ingestion [18] . ~ o ment with sparing of the stomach has been reported in particular for lye in the solid state [21] .
Our study has some limitations, related in part to its retrospective design. We were not able to evaluate all the potential clinical predictors identified by other authors. Only a few patients were reported to be affected by life-threatening comorbidities. However, collecting an accurate medical history in the emergency department may be difficult, especially with patients who are experiencing severe pain and psychological distress. It is thus possible that the contribution of age may partly arise from the presence of associated comorbidities.
To our knowledge, an investigation of the agreement among different endoscopists concerning the assessment of caustic lesions has never been performed. The operators in our study had all been trained by the same physician and they described upper gastrointestinal tract findings according to a protocol, which has been adopted by our unit since its earliest days. We did not consider mucosal hyperemia or edema, which are characteristic of the first grade in Zargar's original classification [9] , because of the high interoperator variability associated with the diagnosis of these lesions. In addition, extensive and scattered necrosis were considered together because they may be difficult to distinguish, especially when the presence of clots and food does not alIowa complete exploration. Assessment of peristalsis by endoscopy is not fully accepted, but we and others [6, 10, 11, 22] have proposed that the absence of peristalsis is characteristic of the most severe cases of caustic burns.
The duodenum was not explored in all our patients. If the stomach is severely damaged, entering the duodenum with the endoscope may be dangerous. Relative sparing of duodenum, as com-. pared to esophagus and stomach, has been reported as a conse-::a quence of protection offered by pyloric spasm [13, 18] . It is not rE o known however, whether forcing the pylorus some hours after " -: caustic ingestion might increase dispersion of the caustic mate-.. ~ rial. ~ ~ We did not find significant differences in mortality over the long l study period. Nutritional supplementation is considered to have f been a major improvement in the management of patients with ~ caustic burns [7) , but it had already been adopted at our institu- Our study was not designed to identify the patients most likely to benefit from early surgical treatment. Before a decision is made for surgery, an accurate assessment of the severity of the injury is needed, including standard chest radiography, EGO, laryngoscopy, and tracheobronchial endoscopy in selected cases [5) . The presence of esophageal and duodenal necrosis and lack of esophageal and gastric peristalsis were not independent predictors of death in our model, even though they have been reported as being of value in making the decision for surgical treatment [5, [10] [11] [12] 23) .
The long timespan needed to collect a sufficient number of patients hampered us in prospectively validating our risk score system in a further series of patients. At multivariate analysis, surgery was not identified as an independent predictor of death in our patients. It should be noted that the majority of our patients were managed conservatively. Only six patients underwent surgery upon the basis of endoscopic findings before the diagnosis of perforation, gastrointestinal bleeding, or acute cholecystitis (see Table 1 ). This may partly explain the poor outcome in surgically treated patients. Early aggressive surgical treatment by a fully trained surgical team has been reported to be life-saving in selected cases of severe caustic injury [5,11,23 -25] , but few prospective studies have been conducted so far. We do not know whether a more aggressive treatment could have been life-saving in some of our cases; if this is the case, the performance of our score system might be poorer in centers where there is a more aggressive use of surgery.
In summary, our study suggests that a simple scoring system based on clinical and endoscopic parameters can be used to predict the risk of death after caustic ingestion. This score system has a high internal validity but its usefulness for the triage and treatment of patients with caustic injuries should be prospectively confirmed on external samples at other institutions.
